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ABSTRACT

The results-of a planing-boat model resistance

test program conducted at four different water depths,

including deep water, and three locations of LCC are

presented. -The sensitivity of the resistance of a

planing boat to shallow water through the critical

speed range (Frnh =0.5-3.5) is analyzed and compared

with the deep-water results. Near the critical speed

(subplaning), horsepower increases dramatically due

to shallowness, but at planing speeds the power is

reduced. The paper also gives extrapolated results

for a boat of 100,000 lb gross weight. Model and

full-scale results are presented in convenient graphi-

cal and tabular form for further use.

• ..........



INTROPUCTION

At the present ti:..", very limited test results

which enable i planinp-boat designer to approximate re-

sistance in shallow water are available. Several sys-
7

tematic series and the planing-prism data give powerin'

estimates only for deep-water application. Shallow-water

data is available only for displacement hulls. However-,

the resistance of a planing hull in shallow water can be

significantly different than in deep water. The greatest

effect of shallowness on trim, CG rise, ano resistance is

at relatively low F or speeds somewhat less than hump

speeds, which is the general operating condition where

triia, CG rise, and resistance are the most sensitive to

speed changes. This is important even for a boat designed

to normally operate at relatively high FrV and in deep water,

since the low speeds such a boat would experience would be

in channel's, rivers, and harbors where the water is shallow.

The need for shallow-water data and the opportunity

to investigate an interesting phenomenon led to tests of

a Series 62 hull form in'four different water depths and

at three different LCG locations. The tests were performed

at The University of Michigan Ship Hydrodynamics Laboratory

in Ann Arbor, Michigan.



NOMENCLATURE*

A Projected planing-bottom area, excluding

area uf external spray strip, sq ft

Bp beam or breadth over chines, exluding ex-

ternal spray strip, ft

BA Mean breadth over chines: Ap/Lp, ft

, ~bT Breadth over chines at transom, excluding .
external spray strip, ft

Bp Maximum breauth over chines, exluding ex

ternal spray strip, ft

BL Base line

b Breadth over spray strips at longitudinald

location of center of gravity, ft

CL Centerline

CG = Center of gravity

CT Total resistance coefficient

CR Residual resistance coefficient

h Finite depth of water, ft

Fn Froude number based on length

Nomenclature used is ITTC Standard Symbols and that
recommended in SNAME T & R Bulletin 1-23.

-
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Fnh Froude number based on finite depth

IF
Froude number based on volume

,2

£ : Acceleration of gravity, ft/sec 2

LAy Average wetted length, ft

LCG Longitudinal center of gravity

Lp Projected chine length, ft

L/D Lift-drag ratiu

PE Effective horsepower

RTM z Total Model resistance, lb

RTS = Total fall-scale resistance, lb

RR/A :Residual resistance-weight ratio

RTS/A = Total full-scale resistance-weight ratio

RRh/R RcI Shallow-water residual resistance-deep-water

residual resistance ratio

RISE/VI 3  CG rise coefficient

S - Wetted surface, sq ft

S/V 2/3 :Wetted surface coefficient

VW - Velocity of wave propagation, ft/sec

V K Velocity of ship, knots
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SVM = Velocity of model, ft/sec

V/,-" I Speed-length ratio

G = Angle of attack at after portion of

planing bottom, degrees

A = scale ratio, model to ship

•W Wavelength, ft

Deadrise angle of planing bottom, degrees

p =Mass density of water

v = Kinematic viscocity

V = Volumetric displacement at rest, cu ft

V/Aph Mean draft-water depth ratio



VESCRJPrION ANO SCOPE OF THE TESTS

As mentioned previously, a Series 62 hull form

(LpIBpx 3.06) was selected (see Figure 1), as a repre-

sentative planing hull form.

Particulars of the Model No. 1174

"ft 3.322 b px/Bp = 1.21

Lp, ft 2 3.50 BPT/Bpx = 0.71

BPA9 ft = 0.949 Centroid of Ap,

Bpx, ft 1.144 L Forward of Transom 48.2

BPT, ft 2 0.810

Lp/BpA 3.69

Lp/Bpx 3.06

The model was rtiade of wood (sugar pine) and plastic

spray strips were fitted on the hull as described in Ref-

erence [1], for details see Figure 1. The surface of the

model was varnished, and for stimulating turbulent flow,

a trip wire 0.035 inches in diameter was fitted on each

side of the stem as described in Reference [i, also see

Figure 1 for details. On the outside surface of the model,

every station and half-station were marked for reading the

solid-water wetted length and for obtaining wetted surface.
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A new multilever testing apparatus (1'igur'e 2) was-:

used to measure the towing force oi the propeller shaft

centerline. The apparatus automatically adju,,ted by a3

servo-system to coincide with the shaft line during each

run. A switch was attachcd in the botiom of the model

and set for the correct shaft inclination in th(- static

conditiont. This was the isieutral position of the s;witch,

at which time no current Was flowing.' The toýw rod acted,

as the sliding part of the switch. Wheniever the hull

trimmed up or down to a new running, pos-itioni, trie switch

moved out of its neutral position, thereby coi~pletirig I-ie

servo-motor curcuit. The purpose of 'thc motor was to

drive the pivoting upper frame to the correct shaft posI-i-

tion, at which time the servo-switch became neutral ag;ain.

Sinkage a ci trim were recorded frorm the SdMP apparatus.

For determinin wetted sur~face and wetted lerigth~, photo-

graphs were ta en (see Appendix).

The iocation of the longitudinal. CG i:s defined 1.7 tlhe

distance of t -LCG from the centroid of the area A.,x-,

pressed as a ercentage of the length LF. For the tes;ts,

2%, 6%, and 1 % were used.

The shal ow-water depths were chosen to be 7.5, 12,.0,

and 20.r 4.nch s model sca2e. In order to relate the shaI-

low-water depth (hi to the boat geometry, a new nondimensionial



MULTI--LEVER TESTING APPARATUS

I., Pivoting upper frame.

2.Rotating lower frame.

3.Anyle measuring p.)ts,.

4. Force. measu r;ng dev ce.

5.Se rvo- s" t Ctý
6. Tow point.

1. Servo-motir.

8.Fix attachment t- carriage. >'

FIGURE 2



parameter is used, V/Aph. The mean draft-water depth

parameter is independent of LCG position. The values

of V/Aph were 0.157, 0.098, and 0.059, respectively,

for decreesing water depth.

The length of the adjustable shallow-water bottom

in the model basin is 90 feet. Variation of the bottom

was 1/3 inch. There was considered to be no leakage

since the bottom was newly installed and made of rigid

fiberglass panels.

TEST RESULTS

Tabulated model results for all the tests are 6ive.-i

in the Appendix. The resistance data for all conditions

have been expanded to a boat gross weight of 100,000 lb.

This weight represents a somewhat large-sized motor yacht

with a length of approximately 60 feet. The ATTC friction

coefficients were used with zero correlation allowance.

Figures 3, 4, and 5 compare model values of resistance,

trim, and CG rise at four water depths with each at the

same LCG location. The effect of shallowness is evident

Ly simple observation.
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Considering the shallow-water phenomenon in more de-

tail for a boat-moving in water of restricted depth but

unrestricted width at Fish 2 1.0, the water passing under

the hull must speed up more than in deep water, which

causes reduction in the pressure gradient and an increase

in resistance with greater sinkage and trim. The shallower

the water depth, the more pronouned is the effect.

The case with the least clearance under the transom

was at the 10% LCG location and in 7.5 inches of water.

At the critical speed (near Fnh = 1.0) ths- clearance was

approximately 4.0 inches under the transom. In these

conditions the water will not flow underneath the hull as

easily as in deep water. The flow goes around the hull

and sets up a different wave pattern, which is the other

important shallow-water phenomenon. As explained in

Reference [2J, on page 320, the wave pattern follows the

law of dispersion of gravity waves.,

The velocity of surface waves is given by

2 (w2hV -- tanh 2W (h
W W

For shallow water (h small),

tanh 2,= 21th (2)
w .
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and

vw W ,gT (3)

or

F 1.0 . (4)

This means that for Fnh = 1.0 the free waves generated by

the b travel with it and appear to form abreast of the

boat. That is, the usual Kelvin angle is nearly 19". At

lower speeds (subcritical) the waves are oriented in the

usual manner with an angle of 900 28'. At higher speeds

(supercritical) the waves tend to reorient themselves to

angles less than 900, depending on speed. These different

wave formations may be expected to represent wave energy

losses different than in shallow water, hence alterations

in wave resistance. The critical speed is when the re-

sidual resistance is greatest (Figure 6).

Because of the trim-sensitive nature of planing boats,

and their proportionality between angle of attack and in-

duced drag, one can see how shallowness causes sudden

increases in resistance and sinkage. The trend of the

shape of all curves is to slowly converge to that of the

deep-water condition as V/A ph * 0.

p/

N.

. , , i i l l l I I I I I I I I I i i II'
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It is interesting to note that the curves in Fig-

ure 6 for each value of V/Aph are drawn through the data

for all LCG's, there being little variation due to LCG,

even though one might anticipate otherwise from the pre-

vious reasoning. However, for each curve both the R

and RR. on the ordinate scale in Figure 6 are taken for

the same LCG. Therefore, the change in angle of attack

is not influenced by LCG position for a given shallow-

water depth.

On Figure 6, in the supercritical region the curves

drop below RRh/RR*.= 1, representing a power savings.

Indeed, that phenomenon is also governed primarily by

F and secondarily by V/Aph. In this supercritical do-

main, the local flow contributes to greater dynamic lift,

which is also shown by the sinkage curves. Eventually

all curves in Figure 6 go above RRh/RR= 1 at high ,Fh,

at which time the adverse wave formations again become

dominant.

Presentation of power curves was necessary for prac-

tical application. In Figures 7 and 8, PE (effective

horsepower) i3 plotted against VK (speed in knots), hold-

ing the water depth constant and showing the power varia-

tion with LCG locations. In shallow water the optimum

LCG position does not seem to vary significantly from

/
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what the deep-water results show. At criticdl L)peed•,

power may be increased by a factor of two or more, whiloe.,

at supercritical speeds power reductiuns otl 10v-iY5% may

be anticipated.

i
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